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(54) Remote control system for legged moving robot 

(57) A remote control system for remotely control- 
ling a legged moving robot has a robot manipulator (S) 
operable by an operator (OP) seated on a seat assem- 
bly (14) thereof for applying an operation command to 
the legged moving robot, the seat assembly having a 
seatback (23) or a seat (21) which is tiltable. A robot 
control unit on the legged moving robot controls the leg- 
ged moving robot automatically to achieve a target ori- 
entation stably depending on the operation command 
from the robot manipulator An orientation detector de- 
tects an orientation of the legged moving robot, and a 
tilting mechanism (27) tilts the seatback or the seat de- 
pending on a deviation of the orientation of the legged 
moving robot detected by the orientation detector from 
tihe target orientation. 



FIG. 2 
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Description 

The present invention relates 1o a remote control 
system for remotely controlling a legged moving robot. 

There has generally been known a remote control 
system for remotely controlling legged moving robots 
such as biped (two-legged) walking robots or the like. 
The known remote control system includes a robot ma- 
nipulator having a joystick that is operated by the oper- 
ator sitting on a seat to give a desired operation com- 
mand for walking, stopping, bending, or holding an arti- 
cle to the robot for thereby remotely controlling the robot. 
Based on the supplied operation command, the robot 
establishes its own target orientation and controls its ac- 
tual orientation until the target orientation is achieved. 
Furthermore, the robot has a fail-safe function to auto- 
matically stabilize its orientation in order to prevent itself 
from being excessively tilted and turning over due to a 
control error made by the operator. 

The fail-safe function basically allows the robot to 
maintain its own orientation stably regardless of control 
errors made by the operator. However, there are still sit- 
uations where the robot tends to become unstable in ori- 
entation and is inclined to turn over under unexpected 
external forces applied to the robot as when the robot is 
controlled to carry a heavy object or the robot acciden- 
tally hits some object. 

It has been desirable for the conventional remote 
control system to cause the operator to recognize ap- 
propriately a situation where the robot is unstable under 
unexpected external forces and also to allow the oper- 
ator to take some action quickly to correct the orientation 
of the robot. 

There has also been known a remote control sys- 
tem which includes a master unit as a robot manipulator 
that is worn by the operator and operated to transmit an 
operator's action to the robot, serving as a slave unit, 
which also transmits its own action back to the master 
unit, so that the operator's action and the robot's action 
will be equalized on the basis of so-called bilateral mas- 
ter-slave principles. Since the bilateral master-slave re- 
mote control system basically equalizes the operator's 
action and the robot's action to each other, the robot it- 
self does not have a function to automatically stabilize 
its own orientation. While the bilateral master-slave re- 
mote control system allows the operator to recognize a 
change in the orientation of the robot, and even if the 
orientation change will make the robot unstable, the op- 
erator may fail to recognize such robot orientation insta- 
bility if the operator finds himself stable regardless of 
the orientation change. 

It is therefore an object of the present invention to 
provide a remote control system for remotely controlling 
a legged moving robot which operates under operation 
commands from a robot manipulator operated by the op- 
erator while stabilizing its own orientation, the remote 
control system being capable of allowing the operator 
to recognize, accurately and reliably, a condition in 
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which the orientation of the robot becomes unstable un- 
der unexpected external forces applied to the robot. 

To achieve the above object, there is provided in 
accordance with the present invention a remote control 
5 system for remotely controlling a legged moving robot, 
comprising a robot manipulator operable by an operator 
seated on a seat assembly thereof for applying an op- 
eration command to the legged moving robot, the seat 
assembly having a seatback or a seat which is tiltable, 
to control means on the legged moving robot, for control- 
ling the legged moving robot automatically to achieve a 
target orientation stably depending on the operation 
command from the robot manipulator, orientation de- 
tecting means for detecting an orientation of the legged 
is moving robot, and tilting means for tilting the seatback 
or the seat depending on a deviation of the orientation 
of the legged moving robot detected by the orientation 
detecting means from the target orientation. 

While the operator seated on the seat assembly is 
20 remotely controlling the legged moving robot with the 
robot manipulator, if the legged moving robot is subject- 
ed to an unexpected external force, and the orientation 
of the robot detected by the orientation detecting means 
deviates from the target orientation of the robot, then the 
25 ftppthark or th« .seat is tilted by the tilting means. The 
tilting movement of the seatback or the seat causes the 
operator to immediately feel and recognize the unstable 
orientation of the robot, and the operator can operate 
the robot manipulator in order to eliminate unstable ori- 
30 entation of the robot 

Therefore, the operator is able to reliably recognize 
a condition in which the orientation of the robot becomes 
unstable under an unexpected external force or the like 
applied to the robot. 
3$ The tilting means preferably tilts the seatback or the 
seat by a distance depending on the magnitude of the 
deviation of the detected orientation from the target ori- 
entation. Inasmuch as the degree of the unstable orien- 
tation of the robot is transmitted as the amount of tilt of 
40 the seatback or the seat to the operator, the operator 
can recognize the degree of the unstable orientation of 
the robot highly accurately. The seat may be tiltable to 
move a front end thereof vertically, and the tilting means 
may tilt the seat in a direction to lower the front end 
45 thereof when the deviation of the detected orientation 
from the target orientation lies in a direction which the 
legged moving robot is tilted forward, and tilt the seat in 
a direction to lift the front end thereof when the deviation 
of the detected orientation from the target orientation 
so lies in a direction which the legged moving robot is tilted 
backward. Alternatively, or in addition, the seat may be 
tiltable leftward and rightward, and the tilting means may 
tilt the seat rightward when the deviation of the detected 
orientation from the target orientation lies in a direction 
ss whiqh the legged moving robot is tilted rightward, and 
tilt the seat leftward when the deviation of the detected 
orientation from the target orientation lies in a direction 
which the legged moving robot is tilted leftward 



2 



EP 0 850 729 A2 



The seatback may be tiltable forward and back- 
ward, and the tilting means may tilt the seatback forward 
when the deviation of the detected orientation from the 
target orientation lies in a direction which the legged 
moving robot is tilted forward, and tilt the seatback back- s 
ward when the deviation of the detected orientation from 
the target orientation lies in a direction which the legged 
moving robot is tilted backward. Alternatively, or in ad- 
dition, the seatback may be tiltable leftward and right- 
ward, and the tilting means may tilt the seatback right- io 
ward when the deviation of the detected orientation from 
the target orientation lies in a direction which the legged 
moving robot is tilted rightward, and tilt the seatback left- 
ward when the deviation of the detected orientation from 
the target orientation lies in a direction which the legged is 
moving robot is tilted leftward. 

Because the seat or the seatback or both may be 
tiltable in the direction of the deviation of the detected 
orientation from the target orientation, the operator may 
be able to recognize the direction in which the orienta- 20 
tion of the robot is unstable. 

The seatback may be tiltable in unison with an up- 
per body of the operator, and the robot manipulator may 
have means for applying a tilting movement of the seat- 
back as an operation command to the legged moving 2s 
robot to tilt an upper body of the legged moving robot. 

The orientation of the robot is tilted according to the 
tilting movement of the upper body of the operator. If the 
orientation of the robot becomes unstable in the direc- 
tion in which it is tilted, then the seat is tilted in that di- 30 
rection. Therefore, the operator can effectively recog- 
nize unstableness of the robot in a manner to be closely 
associated with the movement of the robot. 

If a tilting movement of the seatback is applied as 
an operation command to tilt an upper body of the leg- 35 
ged moving robot to the robot, then it is preferable for 
the remote control system to have tilting limiting means 
for limiting a tilting movement of the seatback caused 
by an orientation change of the upper body of the oper- 
ator when the seat is tilted. When the seat is tilted, the 40 
upper body orientation of the operator may change 
against the intention of the operator. If the seatback is 
tilted in unison with the upper body of the operator, then 
the upper body of the robot is tilted in a manner not in- 
tended by the operator. This problem can be solved by 4S 
the tilting limiting means which limits a tilting movement 
of the seatback caused by an orientation change of the 
upper body of the operator when the seal is tilted. 

The tilting limiting means may comprise means for 
correcting an amount of tilt of the seatback depending so 
on a force applied from the operator to the seat or an 
amount of tilt of the seat when the seat is tilted. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction ss 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side elevational view of a leg- 
ged moving robot controlled by a remote control 
system according to a first embodiment of the 
present invention; 

FIG. 2 is a schematic side elevational view of a robot 
manipulator of the remote control system according 
to the first embodiment of the present invention; 

FIG. 3 is a block diagram of a control system section 
for the robot manipulator shown in FIG. 2; 

FIG. 4 is a block diagram of a control system section 
for the legged moving robot shown in FIG. 1 ; 

FIG. 5 is a flowchart of an operation sequence of 
the control system section shown in FIG. 3; 

FIG. 6 is a block diagram showing the manner in 
which the control system section shown in FIG. 3 
operates; 

FIG. 7 is a block diagram showing the manner in 
which the control system section shown in FIG. 4 
operates; 

FIGS. 8A and SB are schematic views showing the 
relationship between a seat assembly of the robot 
manipulator and the legged moving robot according 
to the first embodiment of the present invention; 

FIGS. 8C and 8D are schematic views showing the 
relationship between the seat assembly of the robot 
manipulator and the legged moving robot according 
to the first embodiment of the present invention; 

FIG. 9 is a block diagram showing the manner in 
which a control system section for a robot manipu- 
lator of a remote control system according to a sec- 
ond embodiment of the present invention operates; 

FIG. 10 is a block diagram showing the manner in 
which a control system section for a robot manipu- 
lator of a remote control system according to a third 
embodiment of the present invention operates; 

FIG. 11 is a block diagram showing the manner in 
which a control system section for a robot manipu- 
lator of a remote control system according to a 
fourth embodiment of the present invention oper- 
ates; and 

vFIG. 12 is a schematic side elevational view of a 
seat assembly of a robot manipulator of a remote 
control system according to another embodiment of 
the present invention. 



OCID:<EP 0850729A2J > 



5 



EP 0 850 729 A2 



6 



Like or corresponding parts are denoted by like or 
corresponding reference characlers throughout views. 

FIGS. 1 and 2 show, respectively, a legged moving 
robot controlled by a remote control system according 
to a first embodiment of the present invention, and a ro- 5 
bot manipulator of the remote control system according 
to the first embodiment of the present invention. 

As shown in FIG. 1 , the legged moving robot, gen- 
erally denoted by R, comprises a biped (two-legged) 
walking robot having a torso 2 supporting a head 1 on 10 
its upper end, a pair of legs 3 (only one shown) extend- 
ing downwardly from a lower end of the torso 2, and a 
pair of arms 4 (only one shown) extending from respec- 
tive upper lateral sides of the torso 2. 

Each of the legs 3 has a hip joint actuator 5a at a is 
hip joint between the torso 2 and the leg 3, a knee joint 
actuator 5b at a knee joint, and an ankle joint actuator 
5c at an ankle joint. A foot 7 for contacting a floor is op- 
eratively connected through a six-axis force sensor 6 to 
a lower end of the ankle joint actuator 5c. The hip joint 20 
actuator 5a serves to rotate the leg 3 about three axes, 
i.e., a sagittal axis, a lateral axis, and a vertical axis. The 
knee joint actuator 5b serves to rotate the leg 3 about 
the lateral axis. The ankle joint actuator 5c serves to ro- 
tate the leg 3 about the sagittal axis and the lateral axis 2S 
The hip, knee, and ankle joint actuators 5a, 5b, 5c are 
activated to move the leg 3 in a manner similar to the 
legs of human beings. The six-axis force sensor 6 
serves to detect forces acting on the foot 7, i.e., force 
components applied to the robot R along the sagittal, 30 
lateral, and vertical axes, and moments generated 
about these axes. 

Each of the arms 4 has a shoulder joint actuator 8a 
at a shoulder joint between the torso 2 and the arm 4, 
an elbow joint actuator 8b at an elbow joint, and a wrist 35 
joint actuator 8c at a wrist joint. A hand 1 0 is operatively 
connected through a six -axis force sensor 9 to the wrist 
joint actuator 8c. The shoulder joint actuator Ba serves 
to rotate the arm 4 about the sagittal axis, the lateral 
axis, and the vertical axis. The elbow joint actuator 8b 40 
serves to rotate the arm 4 about the lateral axis. The 
wrist joint actuator 8c serves to rotate the arm 4 about 
the sagittal axis, the lateral axis, and the vertical axis. 

The torso 2 houses therein a robot control unit 11 
for activating and controlling the actuators 5a ~ 5c, 8a *s 
~ 8c, and a tilt detector (orientation detecting means) 
12 for detecting a tilted state of the robot R which is in- 
dicative of an upper body orientation of the robot R. The 
robot control unit 11 and the tilt detector 12 will be de- 
scribed in detail later on. The actuators 5a ~ 5c are as- so 
sociated respectively with actuator displacement detec- 
tors 1 3a ~ 1 3c for detecting angular displacements of 
the respective actuators 5a ~ 5c about the appropriate 
axes. Similarly, the actuators 8a ~ 8c are associated 
V respectively with actuator displacement detectors (not 55 

shown) for detecting angular displacements of the re- 
: spective actuators 8a ~ 8c about the appropriate axes. 
I \ The actuators 5a ~ 5c that are associated with the legs 



3 will hereinafter also be referred to collectively as leg 
actuators 5, and the corresponding actuator displace- 
ment detectors 1 3a ~ 1 3c as actuator displacement de- 
tectors 1 3. 

As shown in FIG. 2, the robot manipulator, generally 
denoted by S, comprises a seat assembly 14 for an op- 
erator OP, indicated by the imaginary lines, to be seated 
thereon, and a base 15 supporting the seat assembly 
14 thereon. The robot manipulator S also has a pair of 
master legs 16 (only one shown) to be associated with 
the respective legs of the operator OP for operating the 
legs 3 of the robot R in a master-slave fashion. The robot 
manipulator S also has a pair of master arms (not 
shown) to be associated with the respective arms of the 
operator OP for operating the arms 4 of the robot R in 
a master-slave fashion. 

The seat assembly 14 comprises a substantially 
horizontal seat base 17 and an upstanding seatback 
base 1 8 extending upwardly from a rear end of the seat 
base 17. The seatback base 18 is tiltably mounted on 
the rear end of the seat base 1 7 for angular movement 
about lateral axis 19 of the seat assembly 14 in forward 
and backward directions (in a sagittal plane of the oper- 
ator OP) by a seatback actuator 20 positioned at the lat- 
eral «xifi 1 q a «««t P1 for the operator OP to be seated 
thereon is mounted on an upper surface of the seat base 
17 with a seat load sensor 22 interposed between the 
seat 21 and the seat base 1 7. A seatback 23 for bearing 
the back of the operator OP is mounted on a front sur- 
face of the seatback base 18 with a seatback load sen- 
sor 24 interposed between the seatback 23 and the 
seatback base 18. The load sensors 22, 24 serve to de- 
tect loads that are applied to the seat 21 and the seat- 
back 23 by the operator OP who is seated on the seat 
assembly 1 4. 

The torso of the operator OP seated on the seat as- 
sembly 1 4 is fastened to the seat assembly 1 4 by a belt 
or the like (not shown) for movement in unison with the 
seatback 23. The seatback actuator 20 is combined with 
an actuator displacement detector 25 for detecting an 
angular displacement of the seatback actuator 20, i.e., 
a tilt angle of the seatback 23. The seat load sensor 22, 
which will be used in a remote control system according 
to a second embodiment of the present invention, as de- 
scribed later on, may be dispensed with and the seat 21 
may be integral with the seat base 1 7 in the first embod- 
iment of the present invention. 

A shaft 26a which is angularly movable about a sag- 
ittal axis 26 of the seat 1 4 by a first seat actuator 27a is 
mounted on an upper end of the base 1 5. A bracket 17a 
fixed to and extending downwardly from a rear lower 
surface of the seat base 17 is pivotally mounted on the 
shaft 26a for angular movement about a lateral axis 30 
of the seat assembly 1 4 by a second seat actuator 27b. 
When the first seat actuator 27a is operated, the seat 
21 is tilted laterally about the axis 26. When the second 
seat actuator 27b is operated, the seat 21 is tilted about 
the axis 30 to move a front end thereof vertically. 
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The seat actuators 27a, 27b are associated with re- 
spective actuator displacement detectors 28a, 28b for 
detecting angular displacements of the respective seat 
actuators 27a, 27b, i.e., tilt angles in lateral and vertical 
directions of the seat 21. The seat actuators 27a, 27b 5 
will hereinafter also be referred to collectively as seat 
actuators 27, and the corresponding actuator displace- 
ment detectors 28a, 28b as actuator displacement de- 
tectors 28. 

Each of the master legs 16 comprises a foot support io 
29 for supporting thereon a foot of the operator OP who 
is seated on the seat 21 , and a movable leg 31 in the 
form of a linkage by which the foot support 29 is opera- 
tive ly coupled to a bracket 1 7b fixed to a front lower sur- 
face of the seat base 1 7. The foot support 29 is mounted is 
on a distal end of the movable leg 31 with a six-axis force 
sensor 32 interposed therebetween. 

The foot of the operator OP placed on the foot sup- 
port 29 is fastened thereto by a belt or the like (not 
shown). The six-axis lorce sensor 32 serves to detect 20 
forces applied from the foot of the operator OP to the 
foot support 29, i.e., force components applied to the 
foot support 29 along the sagittal, lateral, and vertical 
axes : and moments generated about these axes. 

The movable leg 31 has a joint 31a disposed on its 2s 
proximal end coupled to the bracket 1 7b, a joint 31 b dis- 
posed on an intermediate portion thereof, and a joint 31c 
disposed on the distal end thereof. The joints 31a, 31 b, 
31 c are associated with respective master leg actuators 
33 for actuating these joints 31a, 31b, 31c. The master 30 
leg actuator 33 associated with the joint 31a serves to 
rotate the master leg 16 about the sagittal axis, the lat- 
eral axis, and the vertical axis. The master leg actuator 
33 associated with the joint 31b serves to rotate the 
master leg 1 6 about the lateral axis. The master leg ac- 35 
tuator 33 associated with the joint 31c serves to rotate 
the master leg 16 about the sagittal axis and the lateral 
axis. When the foot of the operator OP moves, these 
master leg actuators 33 are operated to move the foot 
support 29 in unison with the foot of the operator OP 40 
with six degrees of freedom. The master leg actuators 
33 are associated with respective actuator displace- 
ment detectors 34 for detecting respective displace- 
ments of the master leg actuators 33. 

The remote control system for remotely controlling *s 
the legged moving robot R according to the first embod- 
iment of the present invention includes control system 
sections shown in FIGS. 3 and 4 for controlling operation 
of the robot manipulator S and the robot R. 

The remote control system includes a master con- so 
trol unit 35 (see FIG. 3) disposed in the robot manipula- 
tor S, a robot control unit 11 (see FIG. 4) disposed in the 
robot R, and a communication unit 36 for effecting com- 
munications between the master control unit 35 and the 
robot control unit 11. The communication unit 36 may ss 
be a wired or wireless communication unit. 

As shown in FIG. 3, the master control unit 35 com- 
prises a seat controller 37 for controlling tilting of the 



seat 21 , a seatback controller 37 for controlling tilting of 
the seatback 23, and a master leg controller 39 for con- 
trolling operation of the master leg 16. The master con- 
trol unit 35 also has master arm controllers for control- 
ling operation of the master arms (not shown). These 
controllers will not be shown and described below. 

The seat controller 37 comprises a target seat ori- 
entation determining unit 40 for determining a target ori- 
entation (tilt angles in the vertical and lateral directions) 
of the seat 21 based on data (described later on) sup- 
plied from the robot control unit 11 through the commu- 
nication unit 36, a target actuator displacement calcula- 
tor 41 for calculating target displacements of the seat 
actuators 27, and a seat actuator displacement control 
unit 42 for controlling the seat actuators 27 to be dis- 
placed by the calculated target displacements through 
a feedback control loop based on the calculated target 
displacements and displacement values of the seat ac- 
tuators 27 detected by the actuator displacement detec- 
tors 28. 

The seat controller 37, the seat actuators 27, and 
the actuator displacement detectors 28 jointly serve as 
a tilting means 37'. 

The seatback controller 38 comprises a seatback 
main control unit 43 for determining a target displace- 
ment of the seatback actuator 20 (a target tilt angle of 
the seatback 23) based on a load value detected by the 
seatback load sensor 24, i.e., a load (a moment about 
the axis 19) applied from the back of the operator OP 
seated on the seat assembly 14 to the seatback 23, a 
seatback actuator displacement control unit 44 for con- 
trolling the seatback actuator 20 to be displaced by the 
determined target displacement corresponding to the 
target tilt angle through a feedback control loop based 
on the determined target displacement and a displace- 
ment value of the seatback actuator 20 detected by the 
actuator displacement detector 25 (a detected displace- 
ment angle of the seatback 23), and an upper body ori- 
entation determining and commanding unit 45 for deter- 
mining an upper body orientation of the robot R from an 
orientation of the seatback 23 that is determined from 
the target displacement of the seatback actuator 20 
which has been determined by the seatback main con- 
trol unit 43 and sending a command representative of 
the determined upper body orientation of the robot R 
through the communication unit 36 to the robot control 
unit 11. 

The master leg controller 39 comprises a master leg 
main control unit 46 for determining target displace- 
ments of the master leg actuators 33 based on detected 
values from the six-axis force sensor 32 of the master 
leg 16, i.e., forces applied to the foot support 29 from an 
action of the foot of the operation OP, and operation in- 
formation of the legs 3 of the robot R which is transmitted 
from the robot control unit 11 through the communica- 
tion unit 36 (landing information of the legs 3 and posi- 
tion/orientation information of the feet 7 of the legs 3 with 
respect to the torso 2), and a master leg actuator dis- 
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placement control unit 47 1or controlling the master leg 
actuators 33 to be displaced by the determined target 
displacements through a feedback control loop based 
on the determined target displacements and displace- 
ment values of the master leg actuators 33 detected by 
the actuator displacement detectors 34. 

Depending on the operation of the foot support 29 
by the operator OP, the master leg main control unit 46 
gives a leg operation command such as a landing/lifting 
command for the foot 7 of each leg 3 of the robot R and 
a position/orientation command for the foot 7 when land- 
ed, to robot control unit 11 . 

As shown in FIG. 4, the robot control unit 11 com- 
prises a robot leg main control unit 48 for determining 
target displacements of the leg actuators 5 of each of 
the legs 3 while stabilizing the orientation of the robot 
R, based on an upper body orientation command sup- 
plied from the upper body orientation determining and 
commanding unit 45, a leg operation command supplied 
from the master leg main control unit 46, a tilted state of 
the upper body (the torso 2) of the robot R which has 
been detected by the tilt detector 1 2 on the robot R, and 
forces acting on the foot 7 which have been detected by 
the six -axis force sensor 6 of each leg 3, and a leg ac- 
tuator displacement control unit 49 for controlling the leg 
actuators 5 to be displaced by the determined target dis- 
placements through a feedback control loop based on 
the determined target displacements and displacement 
values of the leg actuators 5 detected by the actuator 
displacement detectors 1 3. 

The robot leg main control unit 48 transmits a devi- 
ation or error (upper body orientation deviation) be- 
tween an upper body target orientation (a target tilted 
state) in a target gait (described later on) of the robot R 
which is generated on the basis of an upper body orien- 
tation command supplied from the upper body orienta- 
tion determining and commanding unit 45 through the 
communication unit 45, and a tilted state of the upper 
body of the robot R which has been detected by the tilt 
detector 12 (a detected upper body orientation value), 
as data indicative of a deviation of the upper body ori- 
entation of the robot R from the target orientation, 
through the communication unit 36 to the target seat ori- 
entation determining unit 40. The robot leg main control 
unit 48 also transmits landing information of each leg 3 
(information representative of whether the foot 7 of each 
leg 3 has landed on a floor or the like) and position/ori- 
entation information of the foot 7 of each leg 3 with re- 
spect to the torso 2, as leg operation information of the 
robot R through the communication unit 36 to the master 
leg main control unit 46. 

The tilt detector 1 2 comprises an acceleration sen- 
sor 50 for detecting an acceleration of the upper body 
of the robot R, a rate gyro 51 for detecting a yaw rate of 
the upper body of the robot R, and a tilted state estimator 
52 for calculating and estimating a tilted state of the up- 
per body of the robot R (a tilt angle of the torso 2) from 
detected values from the acceleration sensor 50 and the 



rate gyro 51. The tilt detector 12 supplies a tilted state 
of the upper body of the robot R which has been esti- 
mated by the tilted state estimator 52 as a detected up- 
per body orientation value to the robot leg main control 
5 unit 48. 

The robot control unit 1 1 also has a control arrange- 
ment for controlling the arms 4 of the robot R. However, 
such a control arrangement will not be shown and de- 
scribed below. 

io Operation of the remote control system according 
to the first embodiment of the present invention will be 
described below 

First, basic operation of the robot manipulator S as 
it is operated by the operator OP and resultant basic op- 
i$ eration of the robot R will be described below. 

If the operator OP seated on the seat assembly 14 
is to control the robot R to walk, the operator OP moves 
his own feet placed on and fastened to the foot supports 
29 in a walking pattern according to which the operator 
20 op wants the robot R to walk. Specifically, the operator 
OP lifts the foot to be depressed, and lowers the foot to 
a position in and with an orientation with which the op- 
erator OP wants the robot R to land on a floor or the like. 
The operator OP repeats such an action with respect to 
each of the legs. 

At this time, the master leg main control unit 46 car- 
ries out an operation sequence shown in FIG. 5 in pre- 
determined control cycles for each of the master legs 1 6. 

As shown in FIG. 5, the master leg main control unit 
46 receives operatbn information of the robot R such 
as leg operation information (landing information, foot 
position/orientation information) from the robot control 
unit 11 through the communication unit 36 in STEP5-0, 
and then determines an operation mode of each of the 
master legs 16 in STEPS- 1 . Operation modes of each 
of the master legs 16 include a landing mode, an aerial 
mode, and a lowering mode. The landing mode is a 
mode corresponding to the operation of a supporting leg 
(a landing leg) while the robot R is walking. The aerial 
mode is a mode corresponding to the lifting operation of 
a swinging leg (a lifted leg) while the robot R is walking. 
The lowering mode is a mode corresponding to the op- 
eration of the swinging leg which is about to be landed. 
The initial operation of the robot R when the robot R 
starts to be manipulated is the landing mode. 

If the operation mode is the landing mode in 
STEP5-1 , then the master leg main control unit 46 de- 
termines a target position/orientation of the foot support 
29 depending on the present position/orientation infor- 
mation of the foot 7 of each leg 3 with respect to the 
torso 2 (specifically, the thigh of the torso 2) of the robot 
W, which information is supplied from the robot leg main 
control unit 48 through the communication unit 36, in 
STEP5-2. The master leg main control unit 46 thereafter 
ascertains whether or not an upward acting force is de- 
tected by the six-axis force sensor 32 in STEP5-3. If an 
upward acting force is detected, i.e., if the operator OP 
lifts the foot, then the master leg main control unit 46 
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changes the operation mode to the aerial mode in 
STEP5-4, after which control proceeds to STEP5-13. If 
no upward acting force is detected, then control jumps 
from STEP5-3 to STEP5-13. 

If the operation mode is the aerial mode in 
STEP5-1, then the master leg main control unit 46 
changes the present target position/orientation of the 
foot support 29 in the direction in which the acting force 
detected by the six-axis force sensor 32 decreases, thus 
determining a new target position/orientation in 
STEP5-5. Then, the master leg main control unit 46 de- 
cides whether a lowering speed of the target position/ 
orientation of the foot support 29 exceeds a preset value 
or not in STEP5-6. If the lowering speed is greater than 
the preset value, then the master leg main control unit 
46 changes the operation mode to the lowering mode in 
STEP 5-7, after which control proceeds to STEP5-13. If 
the lowering speed is smaller than or equal to the preset 
value in STEP5-6, then control jumps from STEP5-6 to 
STEP5-13. 

If the operation mode is the lowering mode in 
STEP5-1, then the master leg main control unit 46 
changes the present target position/orientation of the 
foot support 29 in the direction in which the downward 
force detected by the six -axis force sensor 32 decreas- 
es, thus determining a new target position/orientation in 
STEP5-8. Then, the master leg main control unit 46 de- 
termines a position/orientation command for the foot 7 
corresponding to the foot support 29 in the lowering 
mode to be landed, based on a relative positional rela- 
tionship between the target position/orientation of the 
foot support 29 in the present lowering mode and the 
other foot support 29 (the foot support 29 in the landing 
mode) in STEP5-9. The master leg main control unit 46 
transmits the determined position/orientation command 
through the communication unit 36 to the robot leg main 
control unit 48 in STEP5-10. The master leg main con- 
trol unit 46 then ascertains whether it has received in- 
formation indicating that the leg 3 of the robot R corre- 
sponding to the foot support 29 in the lowering mode is 
landed, from the robot leg main control unit 48, in 
STEPS-11. If the master leg main control unit 46 has 
received the landing information, then the master leg 
main control unit 46 changes the operation mode to the 
landing mode in STEP5-12, after which control pro- 
ceeds to STEP5-13. If the master leg main control unit 
46 has not received the landing information, then control 
jumps from STEP5-11 to STEPS- 1 3. 

In STEP 5-13, the master leg main control unit 46 
transmits the present operation mode as a landing/lifting 
command for the foot 7 through the communication unit 
36 to the robot leg main control unit 48. Thereafter, the 
master leg main control unit 46 determines target dis- 
placements of the master leg actuators 33 correspond- 
ing to the present target position/orientation of the foot 
supports 29 in STEP5-1 4. Then, the master leg main 
control unit 46 sends the determined target displace- 
ments to the master leg actuator displacement control 



unit 47 in STEP5-1 5, whereupon the present control cy- 
cle is finished 

When supplied with the determined target displace- 
ments from the master leg main control unit 46, the mas- 
s ter leg actuator displacement control unit 47 controls the 
master leg actuators 33 according to the given target 
displacements through a feedback control loop. 

The above control process carried out by the master 
control unit 35 controls the foot support 29 for the sup- 
10 porting leg into a position/orientation corresponding to 
the relative position/orientation of the foot 7 with respect 
to the upper body (thigh position) of the robot R, and 
also controls the foot support 29 for the swinging leg to 
move depending on the movement of the foot of the op- 
*s erator OP. 

The operation modes of the foot support 29 further 
includes, in addition to the above three operation 
modes, a lock mode in which a manipulation start switch 
(not shown) is turned off. In the lock mode, the foot sjjp- 
20 ports 29 are locked against movement. 

If the operator OP seated on the seat assembly 14 
is to tilt the upper body of the robot R forward and back- 
ward, then the operator OP tifts forward and backward 
the upper body thereof which is held against the seat- 
25 back 23 at a desired tilt angle (a tilt angle of the upper 
body with respect to the seat 21 ). 

At this time, the seatback controller 38 of the master 
control unit 35 carries out a control process shown in 
FIG. 6. 

30 As shown in FIG. 6, in the seatback main control 
unit 43. a subtractor 53 calculates the difference be- 
tween a detected value from the seatback load sensor 
24, i.e. , a load applied to the seatback 23 by the operator 
OP (a moment generated about the axis 1 9), and a pre- 
ss set offset value. The preset offset value is a value for 
counterbalancing the load applied to the seatback 23 by 
the operator OP while under a state of equilibrium with 
the upper body of the robot R being not tilted. 

Then, an integrator 54 having a given gain K1 in the 
40 seatback main control unit 43 integrates an output signal 
from the subtractor 53 ("s" in the integrator 54 repre- 
sents a Laplace operator). An integrated output signal 
from the integrator 54 is passed through a limiter 55 
which limits upper and lower limits of the integrated out- 
45 put signal for thereby determining a target displacement 
of the seatback actuator 20 which is indicative of a target 
tilt angle of the seatback 23. The determined target dis- 
placement is oulpulted from the seatback main control 
unit 43 to the seatback actuator displacement control 
so unit 44. 

In the seatback actuator displacement control unit 
44, a subtractor 56 calculates the difference between 
the supplied target displacement and a displacement 
value of the seatback actuator 20 detected by the actu- 
55 ator displacement detector 25 (a detected tilt angle val- 
ue of the seatback 23), and an amplifier 57 amplifies the 
calculated difference with a predetermined gain. The 
amplified difference is supplied from the seatback actu- 
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ator displacement control unit 44 as a drive command 
to the seatback actuator 20 for thereby controlling the 
seatback actuator 20 to be displaced by the target dis- 
placement through a feedback control loop. 

The above control process carried out by the seat- s 
back controller 38 causes the seatback 23 to be tilted 
forward and backward depending on the orientation tilt 
of the upper body of the operator OP in forward and 
backward directions. 

In the seatback controller 38, the upper body'orien- io 
tation determining and commanding unit 45 determines 
the orientation of the upper body of the robot R from the 
target tilt angle of the seatback 23 (the target displace- 
ment of the seatback actuator 20) which has been de- 
termined as described above. The upper body orienta- is 
tion determining and commanding unit 45 then transmits 
the determined orientation through the communication 
unit 36 to the robot control unit 11. 

When the robot manipulator S operates as de- 
scribed above, the robot leg main control unit 48 on the 20 
robot R carries out an operation sequence shown in FIG. 
7 in predetermined control cycles. 

As shown in FIG. 7, the robot leg main control unit 
48 reads output signals from various sensors including 
the tilt detector 12 and the six-axis force sensor 6 in 2s 
STEP7-1, and then receives a leg operation command 
(a landing/lifting command (an operation mode of the 
foot support 29 of each master leg 16) and a foot posi- 
tion/orientation command for the foot 7 when landed) 
and an upper body orientation command supplied 30 
through the communication unit 36 from the master con- 
trol unit 35 in STEP7-2. 

Then, the robot leg main control unit 48 decides 
whether the operation mode of the foot support 29 of 
either one of the master legs 16 has switched from the 35 
aerial mode to the lowering mode (whether there is a 
landing request or not) in STEP7-3. If the operation 
mode has switched from the aerial mode to the lowering 
mode, then the robot leg main control unit 48 generates 
a basic target gait which defines a leg moving pattern of 40 
the legs 3 of the robot R and an orientation of the upper 
body of the robot R, according to the foot position/ori- 
entation command when landed and the upper body ori- 
entation command in STEP7-4. The target gait compris- 
es parameters including a target orientation of the upper 45 
body of the robot R (a target tilt angle of the upper body), 
a target foot position/orientation command when the 
swinging leg 3 is landed, and a target trajectory of the 
center of a reactive force which is applied from the floor 
to the foot 7 of the supporting leg 3 when the robot R is so 
walking. The robot leg main control unit 48 generates 
these parameters for one stride of the leg 3. The target 
trajectory of the center of the reactive force which is ap- 
plied from the floor to the foot 7 is generated so as to lie 
within the landing surface of the foot 7, or a polygon hav- ss 
ing a minimum area (generally referred to as a "support 
polygon') which includes the landing surfaces of both 
the feet 7. 



The generation of such a target gait is disclosed in 
Japanese laid-open patent publication No. 5-318340 
(corresponding to U. S. patent No. 5,375.433), and will 
not be described below. 

Then, the robot leg main control unit 48 calculates 
an instantaneous value of the target gait in the present 
control cycle from the basic target gait thus generated 
in STEP7-5. Thereafter, in order to prevent the robot R 
from having an unstable orientation tending to turn the 
robot R over, the robot leg main control unit 48 effects 
a control process for stabilizing the orientation of the ro- 
bot R to correct the calculated instantaneous value of 
the target gait in STEP7-6. 

In the control process for stabilizing the orientation 
of the robot R, the robot leg main control unit 48 corrects 
the target foot position/orientation in the basic target gait 
depending on the detected value from the six-axis force 
sensor 6 so that the foot 7 will absorb reactive forces 
which the foot 7 receives from unexpected surface ir- 
regularities and inclinations of the floor according to so- 
called compliance control. Furthermore, the robot leg 
main control unit 48 corrects the target foot position/ori- 
entation depending on the deviation or difference be- 
tween the target orientation of the upper body of the ro- 
bot R in the basic gait and the detected value from the 
tilt detector 12 so that the reactive force from the floor 
will act on the foot 7 in a direction to restore the upper 
body orientation of the robot R. In addition, the robot leg 
main control unit 48 corrects the target orientation of the 
upper body of the robot R depending on the deviation 
or difference between the target orientation of the upper 
body of the robot R and the detected value Irom the tilt 
detector 1 2 so that an inertial force will be generated on 
the upper body of the robot R in a direction to restore 
the upper body orientation of the robot R. 

The above control process for stabilizing the orien- 
tation of the robot R is disclosed in Japanese laid-open 
patent publication No. 5-337849 (corresponding to U. S. 
patent No. 5,459,659), and will not be described below. 

Then, the robot leg main control unit 48 calculates 
a target displacement of each of the leg actuators 5 of 
each leg 3 in the present control cycle from the corrected 
instantaneous value of the target gait in STEP7-7 : and 
sends the calculated target displacement as a com- 
mand to the leg actuator displacement control unit 49 in 
STEP7-8. At this time, the leg actuator displacement 
control unit 49 controls each of the leg actuators 5 to be 
displaced by the calculated target displacement accord- 
ing to the supplied command through a feedback control 
loop. 

Thereafter, the robot leg main control unit 48 trans- 
mits leg operation information indicative of the present 
foot position/orientation of the leg 3 of the robot R (the 
relative position/orientation of the foot 7 with respect to 
the torso 2 of the robot R), and the deviation between 
the present target orientation of the upper body of the 
robot R and the upper body orientation value detected 
by the tilt detector 1 2 (upper body orientation deviation), 
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through the communication unit 36 to the master control 
unit 35 in STEP7-9, whereupon the present control cycle 
is finished. 

The above operation of the robot R enables the ro- 
bot R to automatically stabilize its own orientation while 5 
the robot R is operated under upper body orientation 
commands and walking commands from the robot ma- 
nioulator S operated by the operator OR 

Based on the above basic operation to manipulate 
the robot R, tilting operation of the seat 21 of the robot io 
manipulator S will be described below. 

The orientation of the robot R is basically stabilized 
by the above control process for stabilizing the orienta- 
tion of the robot R. When the robot R is subjected to an 
unexpected external force by an object hitting the robot is 
R or a heavy object carried by the robot R, the orienta- 
tion ot the robot R may be disturbed and become unsta- 
ble. 

When the orientation of the robot R becomes un- 
stable, the upper body orientation delected by the tilt 20 
detector 12 deviates from the stable target orientation 
of the upper body of the robot R (target tilt angle of the 
upper body) which has been determined according to 
the above control process, and the produced deviation 
(upper body orientation deviation) is sent from the robot 2s 
leg main control unit 48 through the communication unit 
36 to the seat controller 37 of the master control unit 35. 

In the seat controller 37, the target seat orientation 
determining unit 40 determines a target orientation of 
the seat 21 i e . a target tilt angle of the seat 21 , accord- 30 
ing to the following equation (1): 

target tilt angle = tilt feedback ratio-upper 
body orientation deviation + preset offset value (1) 

The tilt feedback ratio is a predetermined gain value 
which defines an amount of tilt of the seat 21 with re- 
spect to the upper body orientation deviation of the robot 40 
R. The preset offset value is a predetermined value 
which defines a tilted position of the eat 21 when the 
upper body orientation deviation of the robot R is "0", i. 
e., when the orientation of the robot R is stable. 

In this embodiment, the upper body orientation de- 45 
viation of the robot R is a vector quantity having both a 
magnitude and a direction. A target till angle of ihe seat 
21 due to a component of the upper body orientation 
deviation of the robot R in a direction in which the upper 
body of the robot R is tilted forward is a target tilt angle so 
in a direction in which the front end of the seat 21 is 
lowered about the axis 30. A target tilt angle of the seat 
21 due to a component of the upper body orientation 
deviation of the robot R in a direction in which the upper 
body of the robot R is tilted backward is a target tilt angle ss 
in a direction in which the front end of the seat 21 is lifted 
about the axis 30. A target tilt angle of the seat 21 due 
to a component of the upper body orientation deviation 



of the robot R in a direction in which the upper body of 
the robot R is tilted to the right as viewed forward of the 
robot R is a target tilt angle in a direction in which the 
seat 21 is tilted to the right about the axis 26 (the right 
end of the seat 21 is lowered). A target tilt angle of the 
seat 21 due to a component of the upper body orienta- 
tion deviation of the robot R in a direction in which the 
upper body of the robot R is tilted to the left as viewed 
forward of the robot R is a target tilt angle in a direction 
in which the seat 21 is tilted to the left about the axis 26 
(the left end of the seat 21 is lowered). 

Then, the target actuator displacement calculator 
41 calculates target displacements of the seat actuators 
27 depending on the target tilt angle (target orientation) 
of the seat 21 which has been thus determined, and 
gives the calculated target displacements to the seat ac- 
tuator displacement control unit 42. The seat actuator 
displacement control unit 42 controls the seat actuators 
27 to be displaced by the supplied target displacements 
through a feedback control loop. 

According to the above control process, while the 
operator OP is tilting the seatback 23 forward as shown 
in FIG. SB in order to tilt the robot R forward and the 
upper body of the robot R is being accordingly tilted for- 
ward stably as shown in FIG. 8A, if the robot R is further 
tilted forward from the stable target orientation under an 
unexpected external force, resulting in an upper body 
orientation deviation, as shown in FIG. 8C, then the seat 
21 is tilted by the seat actuator 27b to lower its front end 
by a distance depending on the upper body orientation 
deviation, as shown in FIG. 8D. At this time, as the seat 
21 is tilted, the seatback 23 is also tilted forward from 
the present tilted position by a distance which is the 
same as the distance by which the seat 21 is tilted. 

Therefore, the upper body of the operator OP seat- 
ed on the seat assembly 14 is tilted forward by the for- 
ward tilting of the seat 21 , and the tilted condition of the 
upper body of the operator OP is further stressed by the 
further tilting movement of the seatback 23. The opera- 
tor OP can thus reliably recognize that the orientation of 
the upper body of the robot R is unstable in the forward 
tilted direction. Based on the recognition, the operator 
OP can correct the tilting of the seatback 23 backward 
or issue a command to move the foot one step forward 
for thereby eliminating the unstable orientation of the ro- 
bot R. 

Similarly, if the upper body of the robot R is tilted 
backward from the stable target orientation under an un- 
expected external force, resulting in an upper body ori- 
entation deviation, then the seat 21 is tilted to lift its front 
end by a distance depending on the upper body orien- 
tation deviation, and the seatback 23 is also tilted back- 
ward. The operator OP can thus reliably recognize that 
the orientation ol the upper body of the robot R is unsta- 
ble in the backward tilted direction, and can take an ac- 
tion to eliniinate the unstable orientation of the robot R. 

Likewise, if the upper body of the robot R is tilted to 
the left or right from the stable target orientation under 
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an unexpected external force, resulting in an upper body 
orientation deviation, then the seat 21 and the seatback 
23 are also tilted to the left or right in the direction in 
which the upper body of the robot R has been tiJted. The 
operator OP can thus reliably recognize that the orien- s 
tation of the upper body of the robot R is unstable in the 
backward tilted direction, and can take an action to elim- 
inate the unstable orientation of the robot R as by issuing 
a command to move the foot one step in the direction in 
which the upper body of the robot R has been tilted. io 

With the remote control system according to the first 
embodiment of the present invention, therefore, when 
the orientation of the upper body of the robot R becomes 
unstable forward, backward, leftward, or rightward un- 
der an unexpected external force, the seat 21 and the is 
seatback 23 of the robot manipulator S are also tilted in 
the direction in which the upper body of the robot R has 
been tilted. Since both the seat 21 and the seatback 23 
are tilted, the operator OP seated on the seat assembly 
14 is able to recognize the unstable orientation of the 20 
robot R reliably and accurately, and hence can manip- 
ulate the robot R accurately to eliminate the unstable 
orientation thereof. 

A remote control system according to a second em- 
bodiment of the present invention will be described be- 25 
low with reference to FIG. 9. The remote control system 
according to the second embodiment differs from the re- 
mote control system according to the first embodiment 
only with respect to a process of controlling the seatback 
23of the robot manipulators. Thoseparts shown in FIG. 30 
9 which are identical to those of the remote control sys- 
tem according to the first embodiment are denoted by 
identical reference characters, and will not be described 
in detail below. 

According to the second embodiment, the seatback 35 
main control unit 43 of the seatback controller 38 in the 
master control unit 35 effects a control process as 
shown in FIG. 9. 

In the seatback main control unit 43, a subtractor 
59 calculates the difference between a detected value *o 
from the seatback load sensor 24, i.e., a load applied to 
the seatback 23 by the operator OP (a moment gener- 
ated about the axis 1 9), and the product of a load on the 
seat 21 detected by the seat load sensor 22 (see FIG. 
2) (a moment acting on the seat 21) and a predeter- *s 
mined corrective gain value K2, and the calculated dif- 
ference and the preset offset value are supplied to a 
subtractor 53 which is the same as the subtractor 53 
shown in FIG. 6. The subsequent sequence of the con- 
trol process shown in FIG. 9 is the same as the control so 
process shown in FIG. 6. 

The control process shown in FIG. 9 offers the fol- 
lowing advantages: Since the seat 21 istilted depending 
on the upper body orientation deviation of the robot R, 
when the seat 21 is tilted in a direction to lower its front ss 
end, the force with which the operator OP pushes the 
seatback 23 tends to decrease. According to the first 
embodiment, the tilt angle of the seatback 23 may 



change even though the operator OP does not intend to 
change the angle of the seatback 23 (the relative angle 
of the seatback 23 with respect to the seat 21). In the 
control process according to the second embodiment, 
when the seat 21 is tilted in a direction to lower its front 
end and the load on the seat 21 detected by the seat 
load sensor 22 decreases, a change in the calculated 
value from the subtractor 59 is reduced even if the de- 
tected value from the seatback load sensor 24 is re- 
duced. By supplying the calculated value from the sub- 
tractor 59 and the preset offset value to the subtractor 
53, and then carrying out the same control process as 
described above with respect to the first embodiment, 
any tilting movement of the seatback 23 in a manner not 
intended by the operator OP is minimized. 

The above advantages are also offered when the 
seat 21 is tilted in a direction to lift its front end. 

According to the second embodiment, the detected 
value from the seatback load sensor 24 is employed to 
compensate for a change in the load that is applied to 
the seatback 23 when the seat 21 is tilted. However, the 
target tilt angle (target orientation) of the seat 21 or the 
displacement value of the seat actuator 27b detected by 
the actuator displacement detector 28b (the actual tilt 
angle of the seat 21 ) may instead be used to compen- 
sate for such a change in the load. 

A remote control system according to a third em- 
bodiment of the present invention will be described be- 
low with reference to FIG. 10. The remote control sys- 
tem according to the third embodiment differs from the 
remote control system according to the first embodiment 
only with respect to a process of controlling the seatback 
23 of the robot manipulator S. Those parts shown in FIG. 
10 which are identical to those of the remote control sys- 
tem according to the first embodiment are denoted by 
identical reference characters, and will not be described 
in detail below. 

According to the third embodiment of the present 
invention, the robot R has a moment sensor (not shown) 
for detecting a moment which acts on the thigh of the 
robot R, i.e. , a junction between the torso 2 and the legs 
3 when the upper body of the robot R is tilted as the 
seatback 23 of the robot manipulator S is tilted by the 
operator OP. The robot leg main control unit 48 of the 
robot control unit 1 1 calculates a moment that is applied 
about the thigh of the robot R by the upper body of the 
robot R under its own weight and inert ial force, through 
dynamic calculations from the target gait determined as 
described above and the upper body orientation detect- 
ed by the tilt detector 12, and subtracts the calculated 
moment from the moment detected by the moment sen- 
sor, thereby determining a moment about the thigh un- 
der an external force. The robot leg main control unit 48 
then supplies the determined moment about the thigh 
under the external force through the communication unit 
36 to the seatback main control unit 43 in the master 
control unit 35. 

The seatback main control unit 43 then effects a 
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control process as shown in FIG. 10. 

In the seatback main control unit 43, a subtractor 
61 calculates the difference between a detected value 
from the seatback load sensor 24 and the product of the 
supplied moment about the thigh under the external s 
force and a predetermined feedback ratio (gain), and the 
calculated difference and the preset offset value are 
supplied toa subtractor 53 which is the same as the sub- 
tractor 53 shown in FIG. 6. The subsequent sequence 
of the control process shown in FIG. 10 is the same as io 
the control process shown in FIG. 6. 

The control process shown in FIG. 1 0 offers the fol- 
lowing advantages: When the operator OP tilts the seat- 
back 23 to tilt the robot R forward, there may be a situ- 
ation in which the upper body of the robot R hits an ob- is 
stacle in front of the robot R, and hence the robot R can- 
not be tilted forward as intended by the operator OP. At 
this time, a moment is produced about the thigh of the 
robot R under the external force. When this happens, 
the control process shown in FIG. 10 is carried out to 20 
supply the moment about the thigh under the external 
force to the subtractor 61 . Because the moment about 
the thigh under the external force acts in a direction to 
reduce the target tilt angle of the seatback 23 deter- 
mined by the seatback main control unit 43, the seat- 2s 
back 23 is prevented from being excessively tilted by 
the operator OP while the upper body of the robot R can- 
not be further tilted. 

Since the seatback 23 is prevented from being ex- 
cessively tilted by the operator OP, the leg actuators 5 30 
of the robot R are prevented from being subject to ex- 
cessive loads. 

A remote control system according to a fourth em- 
bodiment of the present invention will be described be- 
low with reference to FIG . 1 1 . The remote control system 35 
according to the fourth embodiment differs from the re- 
mote control system according to the first embodiment 
only with respect to a process of controlling the seatback 
23 of the robot manipulator S. Those parts shown in FIG. 
1 1 wh ich are identical to those of the remote control sys- 40 
tern according to the first embodiment are denoted by 
identical reference characters, and will not be described 
in detail below. 

According to the fourth embodiment of the present 
invention, it the upper body of the robot R is prevented 
from being further tilted by an obstacle or the like, the 
robot control unit 11 recognizes such a condition, and 
supplies a tilting action limit signal indicative of the con- 
dition through the communication unit 36 to the seat- 
back main control unit 43 in the master control unit 35. so 

The seatback main control unit 43 then effects a 
control process as shown in FIG. 11. 

In the seatback main control unit 43, the output sig- 
nal from a subtractor 53 which is the same as the sub- 
tractor 53 shown in FIG. 6 is supplied through a tilting ss 
stop processor 62 to the integrator 54. While being sup- 
plied with a tilting action limit signal from the robot con- 
trol unit 1 1 , the tilting stop processor 62 supplies an out- 



put signal "0° to the integrator 54 regardless of the out- 
put signal from the subtractor 53. In the absence of a 
tilting action limit signal from the robot control unit 11, 
the tilting stop processor 62 supplies the output signal 
from the subtractor 53 directly to the integrator 54 

Insofar as the upper body of the robot R is prevent- 
ed from being further tilted by an obstacle or the like, 
since the target tilt angle of the seatback 23 stops 
changing, any tilting movement of the seatback 23 
caused by the operator OP is prevented from occurring 
in the same manner as with the third embodiment. 

Accordingly, the leg actuators 5 of the robot R are 
prevented from being subject to excessive loads. 

In the third and fourth embodiments, the process of 
controlling the seatback 23 may be carried out in com- 
bination with the process of controlling the seatback 23 
according to the second embodiment. 

In each of the above embodiments, the robot R is 
tilted forward and backward when the seatback 23 is tilt- 
ed forward and backward by the operator OP. FIG. 12 
shows a seat assembly of a robot manipulator of a re- 
mote control system according to another embodiment 
of the present invention. In FIG. 12, the seatback 23 can 
be tilted forward and backward about the axis 19 by the 
actuator 20 and can also be tilted about a sagittal axis 
64 by an actuator 63 and tilted or twisted about a vertical 
axis 66 by an actuator 65. Commands indicative of such 
tilting movements of the seatback 23 in those directions 
may be supplied to the robot R to cause the upper body 
of the robot R to tilted laterally and twisted about the 
vertical axis. The seatback load sensor 24 comprises a 
sensor, such as a six-axis force sensor, capable of de- 
tecting moments about the axes 19, 64, 66. 

In each of the above embodiments, the seatback 23 
is tilted by the actuator or actuators depending on the 
orientation of the upper body of the operator OP How- 
ever, the actuator or actuators may be dispensed with, 
and the seatback 23 may be held in a state of equilibrium 
by springs or the like. In such a modification, the seat- 
back 23 is tilted only by forces applied by the operator 
OP, a tilt angle or tilt angles are detected by angle de- 
tectors, and the robot R is instructed to tilt its upper body 
based on the detected tilt angle or tilt angles. 

In each of the above embodiments, the seat 21 and 
also the seatback 23 are tilted when the upper body ori- 
entation of the robot R becomes unstable. However, on- 
ly the seat 21 may be tilted. If commands to tilt the upper 
body of the robot R are given to the robot R by another 
controller such as a joystick or the like, then only the 
seatback 23 may be tilted when the upper body orien- 
tation of the robot R becomes unstable. 

Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the invention, which is defined by the 
appended claims. 
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Claims 

1. A remote control system for remotely controlling a 
legged moving robot (R), comprising: 

a robot manipulator (S) operable by an operator 
seated on a seat assembly (14) thereof for ap- 
plying an operation command to the legged 
moving robot, said seat assembly having a 
seatback (23) or a seat (21 ) which is tiltable; 
control means (1 1 ) on the legged moving robot, 
for controlling the legged moving robot auto- 
matically to achieve a target orientation stably 
depending on said operation command from 
said robot manipulator (S); 
orientation detecting means (12) for detecting 
an orientation of said legged moving robot; and 
tilting means (27) for tilting said seatback or 
said seat depending on a deviation of the ori- 
entation of said legged moving robot detected 
by said orientation, detecting means from said 
target orientation. 

2. A remote control system according to claim 1, 
wherein said tilting means comprises means for tilt- 
ing said seatback or said seat by a distance de- 
pending on the magnitude of said deviation of the 
detected orientation from said target orientation. 

3. A remote control system according to claim 1 or 2, 
wherein said seat is tiltable to move a front end 
thereol vertically, said tilting means comprising 
means (27b) for tilting said seat in a direction to low- 
er said front end thereof when said deviation of the 
detected orientation from said target orientation lies 
in a direction which said legged moving robot is tilt- 
ed forward, and tilting said seat in a direction to lift 
said front end thereof when said deviation of the de- 
tected orientation from said target orientation lies in 
a direction which said legged moving robot is tilted 
backward. 



tion lies in a direction which said legged moving ro- 
bot is tilted forward, and tilting said seatback back- 
ward when said deviation of the detected orienta- 
tion from said target orientation lies in a direction 
which said legged moving robot is tilted backward. 

6. A remote control system according to any preced- 
ing claim, wherein said seatback is tiltable leftward 
and rightward, said tilting means comprising means 
for tilting said seatback rightward when said devia- 
tion of the detected orientation from said target ori- 
entation lies in a direction which said legged moving 
robot is tilted rightward, and tilting said seatback 
leftward when said deviation of the detected orien- 
tation from said target orientation lies in a direction 
which said legged moving robot is tilted leftward. 

7. A remote control system according to any preced- 
ing claim, wherein said seatback is tiltable in unison 
with an upper body of the operator, said robot ma- 
nipulator having means 1or applying a tilting move- 
ment of said seatback as an operation command to 
said legged moving robot to tilt an upper body of 
said legged moving robot. 

8. A remote control system according to claim 7, fur- 
ther comprising tilting limiting means for limiting a 
tilting movement of said seatback caused by an ori- 
entation change of the upper body of the operator 
when said seat is tilted. 

9. A remote control system according to claim 8, 
wherein said tilting limiting means comprises 
means for correcting an amount of tilt of said seat- 
back depending on a force applied from said oper- 
ator to said seat or an amount of tilt of said seat 
when said seat is tilted. 
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4. A remote control system according to claim 1 , 2 or 
3, wherein said seat is tiltable leftward and right- 
ward, said tilting means comprising means (27a) tor 45 
tilting said seat rightward when said deviation of the 
detected orientation from said target orientation lies 

in a direction which said legged moving robot is tilt- 
ed rightward, and tilting said seat leftward when 
said deviation of the detected orientation from said so 
target orientation lies in a direction which said leg- 
ged moving robot is tilted leftward. 

5. A remote control system according to any preced- 
ing claim, wherein said seatback is tiltable forward ss 
and backward, said tilting means comprising means 

for tilting said seatback forward when said deviation 
of the detected orientation from said target Orienta- 
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9 10 

rotary encoding means coupled to said first roller for 13. A variable scale input device for providing signals 

generating signals corresponding to said selected indicating selection of an input value from a range of 

rotation; permissible values, comprising: 

tactile feedback means coupled to said belt for apply- a transparent belt suspended over a first roller at a 

mg variable resistance against said rotation of said 5 first end and a second roller at a second end, said 

. Wt ; belt rotating in a selected one of a counterclock- 

visual feedback means located in an area enclosed by wise and clockwise direction around said first and 

said transparent belt for providing visual feedback second rollers; 

to a user; and rotary encoding means coupled to said first roller for 

connector means coupled to said encoding means, 10 generating signals corresponding to said selected 

said tactile feedback means, said visual feedback rotation; 

means and processing means for providing feed- tactile feedback means coupled to said belt for apply- 
back signals to said generated signals, said connec- ing variable resistance against said rotation of said 
tor means including interface means for receiving belt; 

said generated signals from said rotary encoding 15 metering module means located in an area enclosed 

means, sending said generated signals to said pro- by said transparent belt for providing visual feed- 

cessing means, receiving said feedback signals from back to a user; and 

said processing means and sending said feedback interface means coupled to said encoding means, said 

signals to said tactile and visual feedback means. 2Q tactile feedback means, said metering module 

2. The programmable variable scale input device as means and a processor comprising, 

set forth in claim 1, wherein the composition of said means for receiving said generated signal, 

transparent belt comprises clear silicone. means for sending said generated signal to said 

3. The programmable variable scale input device as processor, 

set forth in claim 1, wherein said device further com- 2 5 means for receiving feedback signals from said 

prises a touch sensing means coupled to said belt and processor, and 

said interface means, said touch sensing means compris- means for sending said feedback signals to said 

ing means for detecting the touching of said belt and tactile feedback means and said metering module 

means for transmitting a binary signal to said interface means. 

means indicating said touching of said belt. 30 The variable scale input device as set forth in 

4. The programmable variable scale input device as claim 13, wherein the composition of said transparent 
set forth in claim 3, wherein said touch sensing means ^ l comprises clear silicone. 

comprises a capacitance sensing means. The variable scale input device as set forth in 

5. The programmable variable scale input device as claim 13, wherein said device further comprises a touch 
set forth in claim 1, wherein said device further com- 35 sensin g means coupled to said belt, and said interface 
prises a belt cleaning means coupled to said belt, said means, said touch sensing means comprising means for 
belt cleaning means cleaning said belt when said belt detecting the touching of said belt and transmitting a 
rotates around said first and second rollers. binary signal to said interface means indicating said 

6. The programmable variable scale input device as touching of said belt. 

set forth in claim 5, wherein said belt cleaning means * 6 * variaW e scale input device as set forth in 

comprises a plurality of cleaning rollers. claim 15, wherein said touch sensing means comprises a 

7. The programmable variable scale input device as capacitance sensing means. 

set forth in claim 1, wherein said rotary encoding means . Thc variable scale input device as set forth in 

comprises a Hall efTect encoder. " cla,m 13, whercin «"d device further comprises a belt 

8. The programmable variable scale input device as 45 c,eanm « means coupled to said belt, said belt cleaning 
set forth in claim 1, wherein said rotary encoding means m ? an i c,eanin S ^ d beh when belt rotates around 
comprises an optical encoder. said first and second rollers. 

9. The programmable variable scale input device as *** J- he ™ nable ^IVT" devicc 05 set forth in 
set forth in claim 1, wherein said generated signals in- C , , Cm 541(1 ^ h cleamn S m <*ns comprises a 
elude signals indicating velocity and ^c^Jnofthc ^ ^^^^^^ fH . 

said rotations Tne vanable sc* 1 * ln Put device as set forth in 

10. The programmable variable scale input device as jJto "h^C! ^tlT^ ^ 

set forth in claim 1, wherein said visual feedback means TSS^Ih, c u- 

comprises a metering module coupled to said interface « T£ Zt " h P dCVK ? Xt f ° rth ln 
' ,,, ■„„ f „ . , F 7 . T " 55 claim 13, wherein, said rotary encoding means corn- 
means to receive feedback s.gnals from satd interface prises an optical encoder 

means, said metering module comprising at least one 2 1. The variable scale input device as set forth in 

v«ual display element which is actuated according to claim 13> wherein said generated sign^s tac^de sfgnaTs 

the received feedback signals. indicating velocity and acceleration^ said rotations 

« fo^ Pr °f ^Tn % VanaWe ' npUt dCV,CC f 60 22 ^ variab,e scale in P«" device as set forth in 

set forth in claim 10, wherein said metering module claim 13, wherein said tactile feedback means comprised 

comprises a Light Emitting Diode (LED) metenng a forced feedback motor/clutch coupled to said belt 

module comprising an array of LEDs for displaying bar 23. The variable scale input device as set forth in 

^t? . • claim ,3, wher «n metering module means com- 

. 12. The programmable variable scale input device as 65 prises at least one visual display element which is actu- 

set forth in claim 1, wherein said tactile feedback means ated according to the received feedback signals 

comprises a forced feedback motor/clutch coupled to 24. The variable scale input device as set forth in 

said belt - claim 23, wherein said metering module means com- 
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prises a Light emitting Diode (LED) metering module 
comprising an array of LEDs for displaying bar graphs. 

25. A variable scale input device for providing signals 
indicating selection of an input value from a range of 
permissible values, comprising: 5 

a transparent belt suspended over a first roller at a 
first end and a second roller at a second end, said 
belt rotating over said first and second rollers in a 
selected one of a clockwise and counterclockwise 
direction; 10 

rotary encoding means coupled to said first roller for 
generating a signal corresponding to said selected 
rotation of the belt; 

a forced feedback motor/clutch coupled to said sec- 
ond roller for applying variable resistance against 15 
said rotation of said belt; 

metering module means located in an area enclosed 
by said transparent belt for providing visual feed- 
back to a user; and 

interface means coupled to said encoding means, said 20 
forced feedback motor/clutch, said metering mod- 
ule means and a processor comprising; 
means for receiving said generated signal, 
means for sending said generated signal to said 

processor, 25 
means for receiving feedback signals from said 

processor, and 
means for sending said feedback signals to said 
forced feedback motor/clutch and said metering 
module means. 30 

26. The variable scale input device as set forth in 
claim 25, wherein the composition of said transparent 
belt comprises clear silicone. 

27. The variable scale input device as set forth in 
claim 25, wherein said device further comprises a touch 35 
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sensing means coupled to said belt and said interface 
means, said touch sensing means comprising means for 
detecting the touching of said belt and transmitting a 
binary signal to said interface means indicating said 
touching of said belt. 

28. The variable scale input device as set forth in 
claim 27, wherein said touch sensing means comprises a 
capacitance sensing means. 

29. The variable scale input device as set forth in 
claim 25, wherein said device further comprises a belt 
cleaning means coupled to said belt, said belt cleaning 
means cleaning said belt when said belt rotates around 
said first and second rollers. 

30. The variable scale input device as set forth in 
claim 29, wherein said belt cleaning means comprises a 
plurality of cleaning rollers. 

31. The variable scale input device as set forth in 
claim 25, wherein said rotary encoding means com- 
prises a Hall effect encoder. 

32. The variable scale input device as set forth in 
claim 25, wherein said rotary encoding means com- 
prises an optical encoder. 

33. The variable scale input device as set forth in 
claim 25, wherein said generated signals include signals 
indicating velocity and acceleration of said rotations. 

34. The variable scale input device as set forth in 
claim 25, wherein said metering module means com- 
prises at least one visual display element which is actu- 
ated according to the received feedback signals. 

35. The variable scale input device as set forth in 
claim 34, wherein said metering module means com- 
prises a Light Emitting Diode (LED) metering module 
comprising an array of LEDs for displaying bar graphs. 
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